Using non relativistic effective Lagrangian techniques, we analyze the hadronic decay of the π + π − atom and the strong energy-level shift of pionic hydrogen in the ground state. We derive general formulae for the width and level shift, valid at next-to-leading order in isospin breaking. The result is expressed in terms of hadronic threshold amplitudes that include isospin-breaking effects. In order to extract isospin symmetric scattering lengths from the data, we invoke chiral perturbation theory, that allows one to relate the scattering lengths to the threshold amplitudes.
1s state of pionic hydrogen, as well as the 1s shift of pionic deuterium. Using the technique described in Ref. [5] , these measurements yield [6] isospin symmetric πN scattering lengths to an accuracy which is unique for hadron physics: a π + . The scattering length a − 0+ may be used as an input in the Goldberger-Miyazawa-Oehme [7] sum rule to determine the πNN coupling constant [5, 6] .
A new experiment on pionic hydrogen [8] has recently been approved. It will allow one to measure the decay A π − p → π 0 n to much higher accuracy and thus enable one, in principle, to determine the πN scattering lengths from data on pionic hydrogen alone. This might vastly reduce the model-dependent uncertainties that come from the analysis of the three-body problem in A π − d . Finally, the DEAR collaboration [10] at the DAΦNE facility (Frascati) plans to measure the energy level shift and lifetime of the 1s state in K − p and K − d atomswith considerably higher precision than in the previous experiment carried out at KEK [11] for K − p atoms. It is expected [10] that this will result in a precise determination of the I = 0, 1 S-wave scattering lengths -although, of course, one will again be faced with the three-body problem already mentioned. It will be a challenge for theorists to extract from this new information on theKN amplitude at threshold a more precise value of e.g. the isoscalar kaon-sigma term and of the strangeness content of the nucleon [12] .
We now turn to theoretical investigations of hadronic atoms. At leading order in isospin breaking, the energy-level shift and the decay width of these atoms can be expressed in terms of the strong hadronic scattering lengths through the well-known formulae by Deser et al. [13] . More precisely, these formulae relate the ground state level shift -induced by the strong interaction -and its partial decay width into neutral hadrons (e.g.,
A π − p → π 0 n) to the corresponding isospin combinations of strong scattering lengths,
Here, Ψ 0 denotes the value of the Coulomb wave function at the origin, and a cc , a c0 stand for the relevant isospin combinations of strong scattering lengths. We have used the notation "c" for "charged" (e.g., π + π − , π − p) and "0" for "neutral" (e.g., π 0 π 0 , π 0 n) channels. The accuracy of these leading-order formulae is however not sufficient to fully exploit existing and forthcoming high-precision data on hadronic atoms. Indeed, for that purpose, one has to evaluate isospin-breaking corrections at next-to-leading order. The aim of the present talk is to show how this can be achieved.
Recently, using a non relativistic effective Lagrangian framework, a general expression for the decay width Γ A 2π →π 0 π 0 of the 1s state of the π + π − atom was obtained at next-to-leading order in isospin-breaking [14] . We denote the fine-structure constant α and the quark mass
2 by the common symbol δ. Then, the decay width is written in the following form 2 ,
Here
, and a I (I = 0, 2) denote the strong ππ scattering lengths in the channel with total isospin I, and the quantity A ππ is calculated as follows [14] .
One calculates the relativistic amplitude for the process
in the normalization chosen so that at O(δ 0 ) the amplitude at threshold coincides with the difference a 0 − a 2 of (dimensionless) S-wave ππ scattering lengths. Due to the presence of virtual photons, the amplitude is multiplied by an overall Coulomb phase that is removed. The real part of the remainder contains terms that diverge like |p| −1 and ln 2|p|/M π + at |p| → 0 (p denotes the relative 3-momentum of charged pion pairs). The quantity A ππ is obtained by subtracting these divergent pieces, and by then evaluating the remainder at p = 0. We shall refer to A ππ as the physical scattering amplitude at threshold.
A few remarks are in order. As it is seen explicitly from Eq. (2), one can directly extract the value of A ππ from the measurement of the decay width, because the correction K ππ is very small and the error introduced by it is negligible. We emphasize that in derivation of Eq. (2), chiral expansions have not been used. On the other hand, if one further aims to extract strong scattering lengths from data, one may invoke chiral perturbation theory (ChPT) and to relate the quantities A ππ and a 0 − a 2 order by order in the chiral expansion.
This requires the evaluation of isospin-breaking corrections to the scattering amplitude.
The corrections to the hadronic atom characteristics, evaluated in this manner contain, in general, contributions which have not been taken into account so far within the potential scattering approach to the same problem [5, 15] . An obvious candidate for these contributions is the effect coming from the direct quark-photon coupling that is encoded in the so-called "electromagnetic" low-energy constants (LEC's) in ChPT. A second effect is related to the convention-dependent definition of the isospin-symmetric world against which the isospinbreaking corrections are calculated. We adopt the widely used convention that the masses of the isospin multiplets (π ± , π 0 ) and (p, n) in this world coincide with the masses of the charged particles in the real world. This definition induces a contribution to the isospinbreaking corrections in the level shifts and decay widths. We shall display below both corrections explicitly in the case of the π − p energy-level shift, where these effects emerge already at tree level.
The investigation of the π − p atom is very similar to the procedure used in the description of the π + π − atom [14] . In the following, we restrict ourselves to the case of the strong are not considered here -we focus on the strong energy-level shift alone. For the latter, it is straightforward to obtain a general formula very similar to Eq. (2), that gives the strong energy-level shift including O(δ ′ ) corrections:
where K πN is a quantity of order δ ′ (modulo logarithms) and can be expressed in terms of the S-wave πN scattering lengths a 
where the quantity B is related to the quark condensate, and where c i (f i ) are strong it is straightforward to visualize both mechanisms of isospin-breaking corrections to the hadronic atom observables, not included in potential approaches. The direct quark-photon coupling is encoded in the coupling constants f i , whereas the effect of the mass tuning in the hadronic amplitude (described above) is due to the term proportional to 2mB. Indeed, at this order in the chiral expansion, one has 2mB = M 2 π 0 . As we express the strong amplitude in terms of charged masses by convention, we write
and obtain
Estimates for the energy-level shift on the basis of the expression (6) will be presented elsewhere. Here we note that a simple order-of-magnitude estimate for f 1 shows that f 1 induces an uncertainty in the energy-level shift of roughly the same size as the total correction given in Ref. [5] .
To summarize, we have applied a non relativistic effective Lagrangian approach to the study of π + π − and π − p atoms in the ground state. A general expression for the width Γ A 2π →π 0 π 0 and for the strong level shift of pionic hydrogen has been obtained at next-toleading order in isospin breaking. The sources of the isospin-breaking corrections in these quantities, complementary to ones already considered in the potential scattering theory approach, have been clearly identified.
